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(54) MACHINING APPARATUS, METHOD FOR USING MACHINING APPARATUS AND CHUCK 
DEVICE

(57) The present invention provides processing
equipment capable of drilling a long workpiece from an
end surface of a diameter-expanded part and drilling a
short workpiece from an end surface of a stem part with-
out inverting orientation of a collet and a sleeve in a chuck
device, a method of using the same, and a chuck device
used for the processing equipment. A deep hole drilling
machine (2) and a chuck device (3) are included with a
sleeve (29) and a collet (30) included inside the chuck
device (3), and the collet (30) and the sleeve (29) each
have both end openings opened toward the outside of
the chuck device (3). The opening on one end side of
each of the sleeve (29) and the collet (30) is directed to
the deep hole drilling machine (2), and the collet (30) is
disposed on the other end side of the sleeve (29).
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Description

TECHNICAL FIELD

[0001] The present invention relates to processing
equipment, a method of using processing equipment,
and a chuck device.

BACKGROUND ART

[0002] Processing equipment as disclosed in Patent
Document 1 includes a drilling machine and a chuck de-
vice disposed to face the drilling machine and chucking
(holding) a workpiece to be drilled by the drilling machine.
Specifically, the chuck device includes therein as a collet
chuck a tubular sleeve and a collet fitted into the sleeve
and reduced in diameter by movement relative to the
sleeve, and the collet and the sleeve are arranged close
to the drilling machine side inside the chuck device. The
collet and the sleeve in this chuck apparatus each have
both end openings opened toward the outside of the
chuck apparatus such that the opening on one end side
of each of the collet and the sleeve is directed to the
drilling machine, and the orientations of the collet and
the sleeve can be inverted based on an inverting mech-
anism included in the chuck apparatus.
[0003] According to this processing equipment, when
drilling a long workpiece, the long workpiece can be in-
serted from the openings on one end side of the collet
and the sleeve so that the long workpiece can be chucked
in a penetrating state through the chuck device, and the
drilling machine can perform drilling not only for a short
workpiece but also for the long workpiece. Moreover,
since the orientation of the collet and the sleeve can be
inverted, if the workpiece chucked in the penetrating state
through the chuck device is inverted, the workpiece can
be drilled not only from one end but also from the other
end side.
[0004] In terms of shape, shaft-shaped workpieces
may include a stem part and a diameter-expanded part
integrally disposed at one end portion of the stem part
and expanded in diameter as compared to the stem part.
Regarding workpieces having such a shape, it may be
required to perform the drilling of a long workpiece from
an end surface of the diameter-expanded part and the
drilling of a short workpiece from an end surface of the
stem part. In such a case, when the processing equip-
ment described above is used, the requirement can be
satisfied in terms of the processing of the workpieces by
using the chuck function and the inverting function.

PRIOR ART DOCUMENT

PATENT DOCUMENT

[0005] Patent Document 1: Japanese Patent No.
4227551

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED BY THE INVENTION

[0006] However, when a short workpiece is drilled from
the end surface of the stem part in the processing equip-
ment described above, the orientation of the collet and
the sleeve in the chuck device must be inverted so that
the end surface of the stem part of the short workpiece
faces the drilling apparatus, and at the time of inversion,
not only a free space is required for avoiding interference
with other peripheral apparatuses, but also structures ca-
pable of following the inversion of the orientation of the
collet and the sleeve must be prepared for wirings, pip-
ings, etc. for the chuck device. Moreover, when the ori-
entation of the collet and the sleeve is inverted, an in-
verting operation and a setting operation are required,
which inevitably increases the burden on the operator.
[0007] The present invention was conceived in view of
the situations and a first object thereof is to provide
processing equipment, when drilling workpieces each in-
cluding a stem part and a diameter-expanded part inte-
grally disposed at one end portion of the stem part and
expanded in diameter as compared to the stem part, ca-
pable of drilling a long workpiece from an end surface of
the diameter-expanded part and drilling a short work-
piece from an end surface of the stem part without in-
verting the orientation of the collet and the sleeve in the
chuck device.
[0008] A second object is to provide a method of using
processing equipment used in the processing equip-
ment.
[0009] A third object is to provide a chuck device used
in the processing equipment.

MEANS FOR SOLVING PROBLEM

[0010] To achieve the first object, the present invention
employs the following configurations (1) to (10).

(1) In processing equipment comprising a drilling ma-
chine; and a chuck device disposed to face the drill-
ing machine and chucking a workpiece to be drilled
by the drilling machine, the chuck device including
as a collet chuck a tubular sleeve inside and a collet
fitted into the sleeve and reduced in diameter by
movement relative to the sleeve, the collet and the
sleeve each having both end openings opened to-
ward the outside of the chuck device,
the opening on one end side of each of the sleeve
and the collet is directed to the drilling machine, and
the collet is disposed on the other end side of the
sleeve.
According to this configuration, regarding a long
workpiece out of workpieces each including a stem
part and a diameter-expanded part integrally dis-
posed at one end portion of the stem part and ex-
panded in diameter as compared to the stem part,
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the long stem part of the workpiece can be inserted
into the collet from the opening on the one end side
of the sleeve on the side closer to the drilling machine
so as to utilize the facts that both ends of each of the
collet and the sleeve are opened to the outside of
the chuck device and that the stem part of the work-
piece is long, and therefore, the long stem part can
be chucked to the collet separated from the drilling
machine through the relative movement between the
collet and the sleeve. In this case, since an end sur-
face of the diameter-expanded part of the workpiece
faces the drilling machine, the drilling can be per-
formed from the end surface of the diameter-expand-
ed part.
On the other hand, regarding a short workpiece of
the workpieces, when the short stem part thereof is
inserted into the collet from the opening on the other
end side of the sleeve on the farther side with respect
to the drilling machine, the short stem part of the
workpiece can be chucked to the collet through rel-
ative movement between the collet and the sleeve
by utilizing the arrangement position of the collet in
the sleeve even though the stem part of the work-
piece is short. In this case, since the drilling machine
can be moved into the sleeve from the opening on
the one end side thereof by utilizing the fact that the
openings at both ends of each of the collet and the
sleeve are opened to the outside of the chuck device,
the drilling can be performed on the end surface of
the stem part of the workpiece without inverting the
orientation of the collet and the sleeve in the chuck
device.
(2) Under the configuration of (1),
the other end of the sleeve is made closer to a portion
of an outer surface of the chuck device located on
the farther side as compared to a portion located on
the side closer to the drilling machine in an axial di-
rection of the sleeve.
According to this configuration, the collet can be
made closer to the portion located on the farther side
as compared to the portion located on the side closer
to the drilling machine, and even if the stem part of
the short workpiece is considerably short, the short
stem part can be inserted from the opening on the
other end side of the sleeve and thereby can properly
be chucked to the collet.
(3) Under the configuration of (2),
the chuck apparatus includes a chuck device main
body incorporating the collet chuck and a pressing
device disposed for the collet in the chuck device
main body on the outside of the other end side of the
collet, and
the pressing apparatus is set to be able to move clos-
er to and away from the collet and is set to relatively
move the collet and the sleeve by moving closer to
the collet to press the collet or the sleeve when the
collet is reduced in diameter.
According to this configuration, since the pressing

device moving closer to and away from the collet is
used as a driving means relatively moving the collet
and the sleeve, it is no longer necessary to dispose
a complicated and precise hydraulic circuit etc. in-
side the chuck device main body as the drive means
relatively moving the collet and the sleeve, and the
configuration of the chuck device can be simplified.
Furthermore, since the drive means relatively mov-
ing the collet and the sleeve is not disposed inside
the chuck device main body and the pressing device
is disposed outside the chuck device main body as
the drive means, the length of the chuck device main
body can be made shorter in the axial direction of
the collet as compared to when the drive means is
disposed inside the chuck device main body (e.g.,
the device described in Patent Document 1), and the
amount of entry of the drilling machine into the chuck
device main body (inside the sleeve) can be reduced
when the drilling is performed from the end surface
of the stem part of the short workpiece. Therefore,
the drilling machine (cutting tool) reduced by the
amount of entry is usable, so that a deflection sup-
pression effect on the drilling machine (cutting tool)
can be enhanced. Consequently, when the deep
hole drilling is performed in the workpieces, a ma-
chined hole can be restrained from being formed in
a run-out state, and a highly accurate hole can be
formed as the machined hole.
(4) Under the configuration of (3),
the chuck device main body includes a tubular main
body such that the axial direction of the tubular main
body faces in the axial direction of the collet,
the sleeve is attached in the tubular main body such
that the other end side of the sleeve faces the press-
ing device,
the collet is fitted in the other end side of the sleeve
such that the other end side of the collet faces the
pressing device,
an inner circumferential surface of the sleeve is ex-
panded in diameter from the one end side toward
the other end side of the sleeve,
an outer circumferential surface of the collet is ex-
panded in diameter from the one end side toward
the other end side of the collet, and
the pressing device is set to press the collet to rela-
tively move the collet and the sleeve when the collet
is reduced in diameter.
According to this configuration, while the stem part
of the workpiece can be chucked to the collet by
pressing the collet with the pressing device, the collet
can reliably and easily be attached to and detached
from the sleeve on the other end side of the sleeve
based on the shapes of the inner circumferential sur-
face of the sleeve and the outer circumferential sur-
face of the collet, and the collet can easily be re-
placed with a more preferable collet according to the
workpiece.
(5) Under the configuration of (4),
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a locking member is disposed on a circumferential
edge portion of the opening on the other end side of
the collet,
one end side of a cylindrical member is slidably in-
terposed between the outer circumferential surface
on the other end side of the sleeve and the inner
circumferential surface of the tubular main body such
that the other end side of the cylindrical member is
projected outside the other end side of the sleeve,
on an inner circumferential surface on the other end
side of the cylindrical member, a diameter-reduced
portion is formed such that the inner diameter on the
other end side of the cylindrical member is reduced
as compared to the inner diameter on the one end
side of the cylindrical member,
the diameter-reduced portion is provided with a con-
tacting surface brought into contact with an outer cir-
cumferential edge portion of the other end surface
of the collet, and a restricting hook portion engaged
with the locking member under a state in which the
contacting surface is in contact with the outer cir-
cumferential edge portion of the other end surface
of the collet to prevent relative displacement be-
tween the collet and the cylindrical member in the
axial direction of the collet, and
an urging means urging the diameter-reduced por-
tion of the cylindrical member in a direction away
from the other end surface of the sleeve is interposed
between one end surface of the cylindrical member
and the tubular main body.
According to this configuration, at the time of
processing of a short workpiece out of workpieces
each including a stem part and a diameter-expanded
part integrally disposed at one end portion of the
stem part and expanded in diameter as compared
to the stem part, even if the diameter of the diameter-
expanded part of the workpiece is large, the outer
diameter of the other end surface of the cylindrical
member can be made larger so that the other end
surface of the cylindrical member can be pressed by
the pressing device, and the collet can be retracted
with respect to the sleeve by pressing against the
other end surface of the cylindrical member to prop-
erly reduce the diameter of the collet (chucking of
the workpiece stem part).
On the other hand, when the pressing device does
not press the other end surface of the cylindrical
member, the collet is projected outward from the oth-
er end side of the sleeve by the urging force of the
urging means, so that not only the cylindrical mem-
ber can easily be gripped, but also the collet can
easily be pulled out by withdrawing the cylindrical
member to the outside. Therefore, the collet can eas-
ily be replaced.
(6) Under the configuration of (1),
to one end surface of the sleeve, either a first annular
member having a through-hole reduced in diameter
as compared to a diameter of a shaft-shaped work-

piece and a second annular member having a
through-hole enlarged as compared to a diameter of
a shaft-shaped workpiece is selectively detachably
attached,
a member used as the first annular member allows
the through-hole of the first annular member to face
the opening on the one end side of the collet and
has a positioning tubular portion disposed in a pro-
jecting manner in a circumferential edge portion of
the through-hole of the first annular member to allow
the positioning tubular portion to enter the inside of
the sleeve from the one end side of the sleeve, and
a member used as the second annular member al-
lows the through-hole of the second annular member
to face the opening on the one end side of the collet
and has a recess formed on the outer surface side
of the second annular member and spreading
around the through-hole of the annular member with
an inner surface of the recess inclined such that a
diameter is expanded toward the outside in the axial
direction of the through-hole.
According to this configuration, when the short stem
part of the short workpiece is inserted into the sleeve
from the opening on the other end side thereof while
the first annular member is used, the end surface of
the stem part can be brought into contact with a lead-
ing end surface of the positioning tubular portion,
and the short workpiece can be positioned with re-
spect to the collet. When the long stem part of the
long workpiece is inserted into the sleeve from the
opening on the one end side while the second an-
nular member is used, a back surface of a head part
can be brought into contact with the inner surface of
the recess, and the long workpiece can be positioned
with respect to the collet. Therefore, in either case,
the drilling is performed on the positioned workpiece
by the drilling machine, so that the drilling can be
made with highly accurate.
Since the first and second annular members are se-
lectively detachably attached to the one end surface
of the sleeve, the optimum annular member (first or
second annular member) corresponding to the work-
piece can be selected and the annular member can
easily be attached to the one end surface of the
sleeve.
(7) Under the configuration of (6),
a recess spreading around the through-hole of the
first annular member is formed on the outer surface
side of the first annular member, and
the recess has an inner surface inclined such that a
diameter is expanded from the positioning tubular
portion toward the outer surface side of the annular
member in the axial direction of the through-hole.
According to this configuration, even if cutting chips
are generated when drilling is performed on the short
workpiece from the end surface of the stem part
thereof, the cutting chips can easily be discharge to
the outside through a guiding action of the inner sur-
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face of the recess.
(8) Under the configuration of (6),
when the second annular member is attached to the
one end surface of the sleeve, a long collet having
the axial length of the collet made longer than a
standard length is incorporated in the sleeve as the
collet, and
one end surface of the long collet is located on the
inner surface side of the second annular member
beyond a center portion in the axial direction of the
sleeve.
According to this configuration, the long collet can
chuck the long stem part of the long workpiece over
a long range, and when the drilling is performed on
the long workpiece, the run-out of the long stem part
can highly reliably be prevented. Therefore, the ac-
curacy of the drilling on the long workpiece can be
enhanced.
(9) Under the configuration of (4),
the tubular main body is set to be rotationally driven
around the axis of the tubular main body, and
the pressing apparatus includes a moving body ca-
pable of moving closer to and away from the collet,
and a pressing member supported by the moving
body rotatably in an area facing the collet.
According to this configuration, even when the work-
piece is rotated during the drilling, the rotation is ab-
sorbed by the relative rotation of the pressing mem-
ber with respect to the moving body, so that the
pressing device can properly be used for the drilling
without interfering with the rotation of the workpiece.
(10) Under the configuration of (5),
the cylindrical member is made up of a cylindrical
main body having one end side slidably inserted be-
tween the outer circumferential surface on the other
end side of the sleeve and the inner circumferential
surface of the tubular main body and the other end
side projected outside from the other end surface of
the sleeve, and an annular lid detachably attached
to the other end surface of the cylindrical main body,
a stopper is attached to the tubular main body so
that when the other end side of the cylindrical main
body exceeds a predetermined projection amount
with respect to the other end surface of the sleeve,
the stopper engages with the cylindrical main body
to restrict movement of the cylindrical main body, and
the annular lid serves as the diameter-reduced por-
tion to constitute the contacting surface and the re-
stricting hook portion.

[0011] According to this configuration, by removing the
annular lid, only the collet can be pulled out from the
sleeve while leaving the cylindrical main body and the
urging means inside the tubular main body, so that the
removal and assembly works of the collet can significant-
ly be improved.
[0012] To achieve the second object, the present in-
vention employs the following configurations (11) to (14).

(11) Under processing equipment including a drilling
machine and a chuck device disposed to face the
drilling machine and chucking a workpiece to be
drilled by the drilling machine with the chuck device
including therein as a collet chuck a tubular sleeve
and a collet fitted into the sleeve and reduced in di-
ameter by movement relative to the sleeve and with
the collet and the sleeve each having both end open-
ings opened toward the outside of the chuck device
such that the opening on one end side of each of the
collet and the sleeve is directed to the drilling ma-
chine and that the collet is disposed on the other end
side of the sleeve,
a workpiece including a stem part and a diameter-
expanded part integrally disposed at one end portion
of the stem part and expanded in diameter as com-
pared to the stem part is prepared as the workpiece;
when the stem part of the workpiece is shorter than
the axial length of the sleeve and drilling is performed
from the other end surface of the stem part of the
workpiece, the stem part of the workpiece is inserted
into the collet from the opening on the other end side
of the collet so that the stem part of the workpiece
is held with the collet through relative movement be-
tween the collet and the sleeve; and
when the stem part of the workpiece is longer than
the axial length of the sleeve and drilling is performed
from an end surface of the diameter-expanded part
of the workpiece, the stem part of the workpiece is
inserted into the collet from the opening on the one
end side of the collet so that the stem part of the
workpiece is held with the collet through relative
movement between the collet and the sleeve.
According to this configuration, regarding a long
workpiece of the workpieces, the long stem part
thereof can properly be chucked to the collet by uti-
lizing the facts that the openings at both ends of each
of the collet and the sleeve are opened to the outside
of the chuck device and that the stem part of the
workpiece is long and, in this case, since an end
surface of the diameter-expanded part of the work-
piece faces the drilling machine, the drilling can be
performed on the end surface of the diameter-ex-
panded part.
Regarding a short workpiece of the workpieces, the
short stem part thereof can properly be chucked to
the collet by utilizing the arrangement position of the
collet in the chuck device and, in this case, by utilizing
the fact that the openings at both ends of each of the
collet and the sleeve are opened to the outside of
the chuck device, the drilling machine can be moved
into the sleeve to perform the drilling on the end sur-
face of the stem part of the workpiece even without
inverting the orientation of the collet and the sleeve
in the chuck device.
(12) Under the configuration of (11),
when the stem part of the workpiece is shorter than
the axial length of the sleeve and drilling is performed
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from the other end surface of the stem part of the
workpiece, an annular member having a tubular por-
tion projected from a circumferential edge portion of
a through-hole of the annular member is prepared
as a means of positioning the workpiece with respect
to the collet, and
after the annular member is attached to one end sur-
face of the sleeve and the tubular portion of the an-
nular member is moved into the sleeve,
the stem part of the workpiece is inserted from the
opening on the other end side of the collet to bring
the other end surface of the stem part of the work-
piece into contact with the end surface of the tubular
portion.
According to this configuration, even when the work-
piece is a short workpiece, an insertion state of the
short workpiece can be determined with respect to
the collet, and the short workpiece can be chucked
in a predetermined positional state in the collet.
Therefore, the drilling on the short workpiece can
properly be performed.
(13) Under the configuration of (11),
when the stem part of the workpiece is longer than
the axial length of the sleeve and drilling is performed
from the end surface of the diameter-expanded part
of the workpiece, an annular member having a cir-
cumferential edge portion of a through-hole of the
annular member constituting a receiving surface re-
ceiving the diameter-expanded part of the workpiece
is prepared as a means of positioning the workpiece
with respect to the collet,
the annular member is attached to one end surface
of the sleeve such that the receiving surface of the
annular member faces outward, and
the stem part of the workpiece is then inserted into
the collet through the through-hole of the annular
member and the opening on the one end side of the
sleeve to bring the diameter-expanded part of the
workpiece into contact with the receiving surface of
the annular member.
According to this configuration, an insertion state of
the long workpiece can be determined with respect
to the collet by the receiving surface of the annular
member, and the long workpiece can be chucked in
a predetermined position state in the collet. There-
fore, the drilling on the long workpiece can properly
be performed.
(14) Under the configuration of (13),
a long collet having an axial length longer than a
standard length is prepared as the collet, and
the long collet is incorporated in the sleeve such that
one end surface of the long collet is made closer to
an inner surface of the annular member beyond a
center portion in the axial direction of the sleeve.

[0013] According to this configuration, the long collet
chucks the long stem part of the long workpiece over a
long range, and when the drilling is performed on the long

workpiece, the run-out of the long stem part can highly
reliably be prevented. Therefore, the accuracy of the drill-
ing on the long workpiece can be enhanced.
[0014] To achieve the third object, the present inven-
tion employs the following configurations (15) to (18).

(15) A chuck device comprising: a tubular main body
having one axial end surface defined as a facing end
surface facing a drilling machine; a sleeve disposed
in the tubular main body with an axial direction
aligned with the axial direction of the tubular main
body; and a collet fitted in the sleeve with an axial
direction aligned with the axial direction of the sleeve,
the collet and the sleeve having both end openings
opened toward the outside of both axial ends of the
tubular main body,
the opening on one end side of each of the sleeve
and the collet is directed to an opening of the facing
end surface, and
the collet is disposed on the other end side of the
sleeve.
According to this configuration, a preferable chuck
device used in the processing equipment according
to the configuration of (1) can be provided.
(16) Under the configuration of (15),
the other end of the sleeve is made closer to the
other axial end surface of the tubular main body than
the one axial end surface of the tubular main body
in the axial direction of the sleeve.
According to this configuration, a preferable chuck
device used in the processing equipment according
to the configuration of (2) can be provided.
(17) Under the configuration of (16),
the chuck device comprises a chuck device main
body incorporating the main body, the collet, and the
sleeve, and a pressing device disposed for the collet
in the chuck device main body on the outside of the
other end side of the collet, and
the pressing device is set to be able to move closer
to and away from the collet and is set to relatively
move the collet and the sleeve by moving closer to
the collet to press the collet or the sleeve when the
collet is reduced in diameter.
According to this configuration, a preferable chuck
device used in the processing equipment according
to the configuration of (3) can be provided.
(18) Under the configuration of (17),
the tubular main body is set to be rotationally driven
around the axis of the main body, and
the pressing device includes a moving body capable
of moving closer to and away from the collet, and a
pressing member supported by the moving body ro-
tatably in an area facing the collet.

[0015] According to this configuration, even though the
workpiece is rotated, the rotation is absorbed for the
pressing device by the relative rotation of the pressing
member with respect to the moving body, so that the

9 10 
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pressing device can be prevented from interfering with
the rotation of the workpiece.

EFFECT OF THE INVENTION

[0016] From the above, the present invention can pro-
vide the processing equipment, when drilling workpieces
each integrally including a stem part and a diameter-ex-
panded part expanded in diameter as compared to the
stem part, capable of drilling a long workpiece from an
end surface of the diameter-expanded part and drilling a
short workpiece from an end surface of the stem part
without inverting the orientation of the collet and the
sleeve in the chuck device.
[0017] The method of using processing equipment and
the chuck device used in the processing equipment can
also be provided.

BRIEF DESCRIPTION OF DRAWINGS

[0018]

Fig. 1 is an overall view of processing equipment
according to an embodiment.
Fig. 2 is a longitudinal sectional view of a chuck de-
vice main body used in the processing equipment
according to the embodiment.
Fig. 3 is an explanatory view for explaining a long
workpiece (valve).
Fig. 4 is an explanatory view for explaining a short
workpiece (valve).
Fig. 5 is a partially enlarged longitudinal sectional
view of a portion of the chuck device main body used
in the processing equipment according to the em-
bodiment.
Fig. 6 is a longitudinal sectional view of a state in
which a long collet and a second annular member
are used in the chuck device main body according
to the embodiment.
Fig. 7 is an operation explanatory view for explaining
an operation of deep hole drilling of the short work-
piece using the processing equipment according to
the embodiment.
Fig. 8 is an operation explanatory view for explaining
a continuation from Fig. 7.
Fig. 9 is an operation explanatory diagram for ex-
plaining a continuation from Fig. 8.
Fig. 10 is an operation explanatory diagram for ex-
plaining a continuation from Fig. 9.
Fig. 11 is an operation explanatory diagram for ex-
plaining a continuation from Fig. 10.
Fig. 12 is an operation explanatory view for explain-
ing an operation of deep hole drilling of the long work-
piece using the processing equipment according to
the embodiment.
Fig. 13 is an operation explanatory diagram for ex-
plaining a continuation from Fig. 12.
Fig. 14 is an operation explanatory diagram for ex-

plaining a continuation from Fig. 13.
Fig. 15 is an operation explanatory diagram for ex-
plaining a continuation from Fig. 14.
Fig. 16 is an operation explanatory diagram for ex-
plaining a continuation from Fig. 15.
Fig. 17 is an operation explanatory diagram for ex-
plaining a continuation from Fig.16.

MODES FOR CARRYING OUT THE INVENTION

[0019] Embodiments of the present invention will now
be described with reference to the drawings.
[0020] In Figs. 1 and 2, reference numeral 1 denotes
processing equipment according to an embodiment. This
processing equipment 1 has a deep hole drilling machine
2 (shown as a gun drill 2A described later) serving as a
drilling machine, and a chuck device 3 chucking (holding)
a workpiece to be deep-hole drilled by the deep hole drill-
ing machine 2, and the deep hole drilling machine 2 and
the chuck device 3 are arranged in a facing state so that
deep hole drilling can be performed for the workpiece.
[0021] As shown in Figs. 3 and 4, the processing equip-
ment 1 has two types of workpieces WL, WS as objects
to be processed. The two types of the workpieces WL,
WS are common to each other in terms of a valve shape
including a stem part W1 and a head part (diameter-ex-
panded part) W2 integrated at one end portion of the
stem part W1 and expanded in diameter as compared to
the stem part W1, while the workpieces WL, WS are dif-
ferent in axial length of the stem part W1, so that the two
types of workpieces WL, WS are configured as a long
workpiece WL and a short workpiece WS based on the
difference in the axial length. Specifically, the long work-
piece WL is already formed as a finished product shape,
and the deep hole drilling is performed for the long work-
piece WL from an end surface of the head part W2 toward
the stem part W1. The short workpiece WS is not yet
formed as a finished product shape, and the deep hole
drilling is performed for the short workpiece WS from an
end surface of the stem part W1 toward the head part
W2. Regarding the short workpiece WS, another stem
member is subsequently joined to the stem part W1 so
that the finished product shape is achieved.
[0022] As shown in Fig. 1, the deep hole drilling ma-
chine 2 constituting the processing apparatus 1 has a
structure including the gun drill 2A in a positionally-fixed
apparatus main body (not shown) . The gun drill 2A has
a shaft shape as known, and the gun drill 2A is disposed
such that the axial direction thereof is a horizontal direc-
tion with a leading end portion (cutting edge portion) fac-
ing the chuck device 3. The gun drill 2A is capable of
independently advancing toward and retreating from the
chuck device 3, and the deep hole drilling is performed
on the workpiece WL or WS chucked by the chuck device
3 based on the advancing/retreating movement of the
gun drill 2A.
[0023] Various accessories can be attached to this
deep hole drilling machine 2. In this embodiment, when
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the deep hole drilling is performed on the long workpiece
WL, a drill bush 5 is attached to an apparatus main body
of the deep hole drilling machine 2 as shown in Figs. 12,
13, etc., described later and the end surface of the head
part W2 of the long workpiece WL is brought into contact
with the drill bush 5, so that the gun drill 2A performs the
deep hole drilling on the long workpiece WL through the
drill bush 5.
[0024] As shown in Fig. 1, the chuck device 3 consti-
tuting the processing equipment 1 is disposed on a slide
base 6.
[0025] The slide base 6 is slidably supported by a pair
of guide rails 8 (only one guide rail is shown in Fig. 1 etc.)
disposed on a base 7. On the base 7, the pair of the guide
rails 8 extends in a parallel arrangement direction (right-
left direction in Fig. 1) of the chuck device 3 and the deep
hole drilling machine 2, and the slide base 6 can be guid-
ed by the pair of the guide rails 8 to move closer to and
away from the deep hole drilling machine 2. A recipro-
cating drive source not shown is linked to the slide base
6 so that the slide base 6 is driven by driving the recip-
rocating drive source, and the chuck device 3 is accord-
ingly moved closer to and away from the deep hole drilling
machine 2.
[0026] As shown in Fig. 1, the chuck device 3 includes
a chuck device main body 9 and a pressing device 10 on
the slide base 6. The chuck device main body 9 is dis-
posed on one side (the right side in Fig. 1) of the slide
base 6, which is the side closer to the deep hole drilling
machine 2, and the pressing device 10 is disposed on
the other side (the left side in Fig. 1) of the slide base 6
relative to the chuck device main body 9.
[0027] Under a basic structure, a component part to
be attached to the basic structure is switched so that the
chuck device main body 9 uniquely holds each of the
short workpiece WS and the long workpiece WL, and
Figs. 1 and 2 show the chuck device main body 9 to which
the component part for holding the short workpiece WS
is attached, while Fig. 6 shows the chuck device main
body 9 to which the component part for holding the long
workpiece WL is attached. First, description will be made
of the chuck device main body 9 to which the component
part for holding the short workpiece WS is attached.
[0028] As shown in Figs. 1 and 2, the chuck device
main body 9 includes a housing 12 disposed on the slide
base 6 via a base 11. The housing 12 has a constant
width in a slide direction of the slide base 6 (left-right
direction in Figs. 1 and 2), and a stepped through-hole
13 having a circular cross section is formed in the housing
12 in a penetrating state in the slide direction of the slide
base 6 (the width direction of the housing 12). The
through-hole 13 forms a first inner circumferential surface
14 having a larger hole diameter from one end surface
in the width direction (a right end surface in Figs. 1 and
2) of the housing 12 forming the side closer to the deep
hole processing machine 2 to the vicinity of the other end
surface (a left end surface in Figs. 1 and2) and forms a
second inner circumferential surface 15 reduced in hole

diameter as compared to the hole diameter in the vicinity
of the other end surface in the width direction of the hous-
ing 12, and a stepped surface 16 is formed between the
first inner circumferential surface 14 and the second inner
circumferential surface 15. A cover part 17 is detachably
attached to the one end surface in the width direction of
the housing 12. The cover part 17 has a large hole 18 at
a center portion thereof, and the opening on the one end
side in the width direction of the housing 12 is covered
with the cover part 17.
[0029] As shown in Figs. 1 and 2, a cylindrical-shaped
rotating body (tubular main body) 20 is fitted in the hous-
ing 12 via a bearing 19 on the first inner circumferential
surface 14.
[0030] The bearing 19 is fitted and held on the first
inner circumferential surface 14 with the axial direction
thereof oriented in the axial direction of the through-hole
13 of the housing 12. In the bearing 19, an outer circum-
ferential edge portion of one end surface of the bearing
19 is brought into contact with a hole circumferential edge
portion of the cover part 17, and the other end surface
of the bearing 19 has an outer circumferential edge por-
tion brought into contact with the stepped surface 16 of
the housing 12.
[0031] The rotating body 20 is fitted and held on an
inner circumferential surface of the bearing 19. The ro-
tating body 20 has one end portion projecting outward
slightly with respect to one end surface of the bearing 19
and extending into the hole 18 of the cover part 17, and
an annular plate 90 is screwed to an outer circumferential
surface of the one end portion of the rotating body 20.
The annular plate 90 faces an inner circumferential edge
portion of the one end surface of the bearing 19 in a state
of substantially closing a space between the inner cir-
cumferential surface of the hole 18 in the cover part 17
and the outer circumferential surface of the one end por-
tion of the rotating body 20. On the other hand, the outer
circumferential surface of the other end portion of the
rotating body 20 has a flange 21 integrally formed to ex-
pand toward the second inner circumferential surface 15
of the housing 12, and the flange 21 faces the inner cir-
cumferential edge portion of the other end surface of the
bearing 19. As a result, the rotating body 20 is rotatable
relative to the housing 12 without a displacement move-
ment in the axial direction of the bearing 19, based on
the bearing 19. A through-hole 22 of the rotating body 20
has a shortest inner diameter on an inner circumferential
surface 23 in an axially inner portion, and the inner di-
ameter is expanded in inner circumferential surfaces 24,
25 on one end side (the right end side in Figs. 1 and 2)
and the other end side (the left end side in Figs. 1 and
2) in the axial direction as compared to the inner diameter
of the axially inner portion. Therefore, a stepped surface
26 is formed between the inner circumferential surface
23 in the axially inner portion of the bearing 19 and the
inner circumferential surface 24 on the one end side in
the axial direction thereof, and a stepped surface 27 is
formed between the inner circumferential surface 24 in

13 14 



EP 3 549 703 A1

9

5

10

15

20

25

30

35

40

45

50

55

the axially inner portion of the bearing 19 and the inner
circumferential surface 25 on the other end side in the
axial direction thereof.
[0032] As shown in Figs. 1 and 2, a collet chuck 28 is
included in the rotating body 20. The collet chuck 28 in-
cludes a tubular sleeve 29 and an expandable/contract-
ible collet 30 incorporated in the sleeve 29, and the inner
diameter of the collet 30 is expanded/contracted by rel-
ative movement between the sleeve 29 and the collet 30.
[0033] The sleeve 29 used has an axial length made
slightly longer than the length in the width direction of the
housing 12. The sleeve 29 has a flange 31 formed on
the outer circumferential surface of one end portion there-
of, and on the outer circumferential surface on the other
end side from the one end portion thereof, the outer di-
ameter thereof is maintained at a constant diameter
shorter than the outer diameter of the flange. The other
end side of the sleeve 29 is inserted from the opening on
the one end side of the rotating body 20 so that the sleeve
29 is fitted to the inner circumferential surface 23 of the
axially inner portion of the rotating body 20, and the flange
31 of the sleeve 29 is brought into contact with the
stepped surface 26 of the rotating body 20. The flange
31 and the stepped surface 26 are fixed by using fasten-
ers 32, and the sleeve 29 and the rotating body 20 are
detachably integrated. As a result, an annular space 33
is formed between the outer circumferential surface on
the other end side of the sleeve 29 and the inner circum-
ferential surface on the other end side of the rotating body
20, and the annular space 33 is opened toward the out-
side on the other end side in the width direction of the
housing 12. The sleeve 29 has a through-hole 29a ex-
tending through the entire axial length therein, and an
inner circumferential surface 29aa formed by the
through-hole 29a is formed such that the diameter is ex-
panded from the one end side toward the other end side
thereof, and the other end opening of the sleeve 29 (the
through-hole 29a) is opened to the outside.
[0034] As shown in Figs. 1 and 2, the collet 30 is in-
corporated in the sleeve 29 on the other end side of the
sleeve 29. The collet 30 is made up of a plurality of ex-
panding/contracting pieces into a cylindrical shape ca-
pable of expanding and contracting, and a through-hole
30a extending through the entire axial length is formed
in the collet 30. Therefore, the collet 30 has one end
opening facing the gun drill 2A in the deep hole drilling
machine 2 through the opening on the one end side of
the rotating body 20 and the opening on the one end side
of the sleeve 29 and has the opening on the other end
side facing the pressing device 10.
[0035] In this embodiment, the axial length of the collet
30 is set to be about half of the axial length of the sleeve
29. The collet 30 has one end surface 30b positioned
near the center in the axial direction of the sleeve 29, and
the other end side of the collet 30 is projected slightly
outward from the other end surface of the sleeve 29.
[0036] The inner circumferential surface 30aa of the
collet 30 has the inner diameter set such that the stem

part W1 of the short workpiece WS can be inserted over
the entire length when no external force acts from the
radially outer side to the radially inner side of the collet
30, while the outer circumferential surface of the collet
30 is formed to be expanded in diameter from the one
end side toward the other end side. The collet 30 has a
plurality of slits therearound to form the plurality of ex-
panding/contracting pieces, and when the collet 30 is rel-
atively moved to one end side of the sleeve 29 to apply
an external force radially inward to the collet 30, the inner
diameter of the collet 30 is reduced. In this embodiment,
the plurality of slits in the collet 30 is each formed over
the entire length of the collet 30; however, at one end
portion and the other end portion in the axial direction of
the collet 30, the collet 30 has no gaps alternately formed
(is not separated) entirely in the thickness direction and
has coupling portions coupling the adjacent expand-
ing/contracting pieces. Therefore, when the collet 30 rel-
atively moves toward the one end side of the sleeve 29,
the inner diameter of the collet 30 is substantially uni-
formly reduced as a whole in the axial direction.
[0037] Obviously, the collet 30 may be implemented
by using a typical collet having a leading end side corre-
sponding to the other end side of the collet 30 with a
plurality of slits formed only on the leading end side (the
other end side) such that the leading end side of the collet
30 is mainly expanded/contracted.
[0038] On the other end surface 30c of the collet 30,
as shown in Fig. 5, a plurality of locking members 37 are
disposed adjacently to each other in the circumferential
direction in a circumferential edge portion of the opening
on the other end side. Each of the locking members 37
is made up of a leg part 38 extending from the circum-
ferential edge portion of the opening on the other end
side of the collet 30, and a hook portion 39 disposed at
a leading end portion of the leg part 38, and the plurality
of the locking members 37 forms a cylindrical shape re-
duced in diameter as compared to the other end surface
of the collet 30 on the outside of the other end surface
of the collet 30 and also forms an annular groove between
the hook portions 39 of the locking members 37 and the
other end surface of the collet 30.
[0039] In the annular space 33, as shown in Figs. 1, 2,
and 5, a cylindrical member 42 is fitted as a cylindrical
member. The cylindrical member 42 has a divided struc-
ture made up of a cylindrical main body 43 serving as a
tubular main body and a circular annular member 45 serv-
ing as an annular lid. The cylindrical main body 43 has
one end side (the right end side in Figs. 1 and 2) slidably
fitted between the outer circumferential surface of the
other end side of the sleeve 29 and the inner circumfer-
ential surface of the other end side of the rotating body
20, and the other end surface of the cylindrical main body
43 reaches near the other end surface of the collet 30.
The circular annular member 45 is detachably attached
to the other end surface of the cylindrical main body 43
by using fasteners 46, and the circular annular member
45 and the cylindrical main body 43 have a constant outer
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diameter over the entire outer circumferential surface in
the integrated state thereof. The circular annular member
45 has a center hole 45a at the center portion thereof,
and the center hole 45a serves as an insertion port for
the stem part W1 of the short workpiece WS. The center
hole 45a is reduced in diameter as compared to the inner
diameter of the cylindrical main body 43 and, in the inner
surface of the circular annular member 45, a center-hole
circumferential edge portion 45b facing the other end sur-
face of the collet 30 is in contact with the other end surface
30c of the collet 30 as a contacting surface. On the inner
surface side of the center hole circumferential edge por-
tion of the circular annular member 45, a restricting hook
portion 48 projects to the radially inner side of the center
hole 45a, and the restricting hook portion 48 enters the
inside of the annular groove (between the hook portion
39 of the locking member 37 and the other end surface
of the collet 30).
[0040] A coil spring 49 is interposed as an urging
means between the one end surface of the cylindrical
main body 43 and the stepped surface 27, and the urging
force of the coil spring 49 causes the other end side of
the cylindrical member 42 to protrude to the outside of
the other end side of the rotating body 20. Accordingly,
the other end side of the collet 30 also projects outward
from the other end side of the sleeve 29 and the other
end side of the rotating body 20. Reference numeral 50
is a holding hole of the coil spring 49 formed in the cylin-
drical main body 43.
[0041] As shown in Fig. 1, a toothed pulley 51 is at-
tached to the other end surface of the rotating body 20.
This pulley 51 has a center hole 51a formed in a center
portion thereof, and the pulley 51 is detachably attached
to the other end surface of the rotating body 20 by insert-
ing the other end side of the cylindrical member 42 into
the center hole 51a and attaching a side plate portion of
the pulley 51 to the flange 21 of the rotating body 20 by
using a fastener 53. A synchronous belt 54 linked to a
rotational driving source not shown is wound around the
pulley 51, and the pulley 51 is rotated based on a rota-
tional driving force of the rotational driving source and,
accordingly, the rotating body 20, the sleeve 29, and the
collet 30 are rotationally driven with respect to the hous-
ing 12.
[0042] In this embodiment, a stepped portion 43a is
formed on the outer circumferential surface of the cylin-
drical main body 43, and a center-hole circumferential
edge portion of the pulley 51 faces the stepped portion
43a as a stopper, so that the center-hole circumferential
edge portion of the pulley 51 prevents the cylindrical main
body 43 from coming off.
[0043] To an outer surface of the flange 31 on the one
end side of the sleeve 29, as shown in Figs. 1 and 2, an
annular member 55 for positioning a workpiece is de-
tachably attached by using a fastener not shown. For the
annular member 55, a first annular member 56 for posi-
tioning the short workpiece WS and a second annular
member 57 (see Fig. 6 described later) for positioning

the long workpiece WL are prepared, and the first annular
member 56 is shown in Figs. 1 and 2 since deep hole
drilling is performed for the short workpiece WS. The first
annular member 56 integrally has a tubular portion 58 in
a through-hole circumferential edge portion on the inner
surface side thereof with a tubular bush 59 attached to
a leading end portion of the tubular portion 58, and a
through-hole 60 of the first annular member 56 is contin-
uous to a through-hole 59a in the bush 59. The tubular
portion 58 and the bush 59 are put into the sleeve 29 with
a base end portion of the tubular portion 58 fitted in an
opening on the one end side of the sleeve 29, and a
leading end surface of the bush 59 is positioned at a
predetermined position in the sleeve 29 in the axial di-
rection of the sleeve 29 from the viewpoint of positioning
of the short workpiece WS while matching the axes of
the bush 59 and the through-hole 60 of the first annular
member 56 to the axis of the through-hole 30a of the
collet 30. A series of the through-holes 60, 59a of the first
annular member 56 and the bush 59 has a diameter that
allows insertion of the gun drill 2A and that is smaller than
the diameter of the stem part W1 of the short workpiece
WS, and the leading end surface of the bush 59 can re-
ceive the end surface of the stem part W1 of the short
workpiece WS as a contacting surface. As a result, when
the stem part W1 of the short workpiece WS is inserted
into the through-hole 30a of the collet 30 through the
center hole 45a of the cylindrical member 42 (the circular
annular member 45), the leading end surface of the bush
59 properly receives the end surface of the stem part W1
of the short workpiece WS to restrict the movement of
the short workpiece WS toward the one end side of the
collet 30 (positioning of the short workpiece WS).
[0044] On the other hand, a recess 61 spreading
around the through-hole 60 is formed on an outer surface
of the first annular member 56. An inner surface 61a of
the recess 61 is inclined such that a diameter is expanded
from the tubular portion 59 toward the outer surface side
of the first annular member 56 in the axial direction of the
through-hole 60, and the inclination angle of the recessed
inner surface 61a is set in consideration of guiding dis-
charge of cutting chips accompanying the deep hole drill-
ing of the gun drill 2A in this embodiment.
[0045] At the time of the deep hole drilling on the long
workpiece WL in the chuck device main body 9, as shown
in Fig. 6, the second annular member 57 is used as the
annular member 55. The basic shape of the second an-
nular member 57 is the same as the basic shape of the
first annular member 56, and the second annular member
57 is also provided with a tubular portion 62 on the inner
surface thereof and has a recessed inner surface 63a
formed on the outer surface thereof. Therefore, by fitting
the tubular portion 62 to the opening on the one end side
of the sleeve 29, an axis of a through-hole 64 of the sec-
ond annular member 57 can be made coincident with the
axis of the through-hole 30a of the collet 30, and in this
state, the second annular member 57 can detachably be
attached to the outer surface of the flange 31 of the sleeve
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29 by using a fastener not shown.
[0046] On the other hand, the second annular member
57 is different in the diameter of the through-hole 64 and
the inclination angle of the recessed inner surface 63a
from the case of the first annular member 56. The
through-hole 64 of the second annular member 57 has
a diameter larger than the diameter of the through-hole
60 of the first annular member 56 so as to serve as an
insertion port for the stem part W1 of the long workpiece
WL, so that the stem part W1 of the long workpiece WL
can be inserted through the through-hole 64 of the sec-
ond annular member 57. The recessed inner surface 63a
has an inclination angle set as a receiving surface from
the viewpoint of properly receiving a back surface of the
head part W2 of the valve 3, and when the stem part W1
of the long workpiece WL is inserted through the through-
hole 64 of the second annular member 57 into the
through-hole 30a of the collet 30, the back surface of the
head part W2 of the long workpiece WL is properly re-
ceived by the recessed inner surface 63a, and the re-
cessed inner surface 63a restricts the movement of the
long workpiece WL toward the other end side of the collet
30 (positioning of the long workpiece WL) .
[0047] At the time of the deep hole drilling on the long
workpiece WL, as shown in Fig. 6, instead of the collet
30, a long collet 30A having only the axial length made
longer than the collet 30 (standard length) is preferably
used in the chuck device main body 9. This is because,
although the collet 30 described above is usable even in
the case of performing the deep hole drilling on the long
workpiece WL, the clamped length of the stem part W1
of the long workpiece WL can be made longer by using
the long collet 30A so that the run-out of the stem part
W1 of the long workpiece WL can more reliably be sup-
pressed during the deep hole drilling.
[0048] Therefore, to ensure an arrangement space of
the long workpiece WL in the sleeve 29, the second an-
nular member 57 has the projecting length of the tubular
portion 62 made shorter than the projecting length of the
tubular portion 58 of the first annular member 56, while
the long collet 30A is positioned closer to the other end
side of the sleeve 29 as a whole in the sleeve 29 such
that one end surface of the long collet 30A is located
close to the cylindrical portion 62 of the second annular
member 57 beyond the center portion in the axial direc-
tion of the sleeve 29. Obviously, the other end side of the
long collet 30A is slightly projected outward from the other
end surface of the sleeve 29 as in the case of the collet 30.
[0049] As shown in Fig. 1, the pressing device 10 is
slidably supported on a pair of guide rails 66 (only one
guide rail is shown in Fig. 1 etc.) on the slide base 6.
[0050] On the slide base 6, the pair of the guide rails
66 extends in a parallel arrangement direction (right-left
direction in Fig. 1) of the chuck device 3 and the deep
hole drilling machine 2, and the pressing device 10 can
be guided by the pair of the guide rails 66 to move closer
to and away from the chuck device main body 9.
[0051] As shown in Fig. 1, the pressing device 10 in-

cludes a moving body 67 guided by the pair of the guide
rails 66. The moving body 67 has therein a through-hole
68 formed to extend in the extension direction of the pair
of the guide rails in the upper part thereof, and an opening
on one end side of the through-hole 68 faces the chuck
device main body 9. On an inner circumferential surface
on the one end side of the through-hole 68, a cylindrical
body 69 has a portion 69a on one side thereof supported
by the inner circumferential surface of the through-hole
68 via a bearing 65 while matching the axis thereof to
the axis of the collet 30, and a portion 69b on the other
side of the cylindrical body 69 is projected outward from
the opening on the one end side of the through-hole 68
in the moving body 67 . An annular end surface of the
portion 69b on the other side of the cylindrical body 69
has the inner diameter made larger than the outer diam-
eter of the head part W2 of the short workpiece WS and
faces the circular annular member 45 of the cylindrical
member 42, and the annular end surface of the portion
on the other side is brought into contact with the circular
annular member 45 due to the movement of the moving
body 67.
[0052] In this embodiment, the cylindrical body 69 has
a divided structure, and the portion 69a on the one side
and the portion 69b on the other side of the cylindrical
member 42 are integrated in a detachable relationship.
[0053] As shown in Fig. 1, a cylinder drive apparatus
70 is attached to the moving body 67 in an opening on
the other end side of the through-hole 68. The cylinder
drive apparatus 70 is disposed such that an extensible
rod 71 thereof faces the opening on the one end side of
the through-hole 68 in the moving body 67, and a pusher
head 73 is attached to the extensible rod 71 at the time
of the deep hole drilling on the short workpiece WS.
Therefore, when the pusher head 73 is attached to the
extensible rod 71, the position of the pusher head 73 is
adjusted based on the extension/contraction movement
of the extensible rod 71, and in this embodiment, a lead-
ing end of the pusher head 73 is located within the cylin-
drical body 69 when the extensible rod is contracted,
while the pusher head 73 extends to the outside of the
cylindrical body 69 (the portion 69b on the other side)
when the extensible rod 71 is extended. The pusher head
73 can be made of an appropriate material selected from
various materials such as an iron material and a cush-
ioning material, and the material is selected in consider-
ation of the material of the short workpiece WS etc.
[0054] On the other hand, when the deep hole drilling
is performed on the long workpiece WL, a pressing bar
72 is attached to the extensible rod 71 of the cylinder
drive apparatus 70. This pressing bar 72 is used as an
ejector pin for the long workpiece WL (see Fig. 16).
[0055] In the cylinder drive apparatus 70, the extensi-
ble rod 71 (piston) is operated based on a working fluid
(air) in a cylinder 74 thereof, and when a reaction force
of a certain force or more acts on the pusher head 73,
the working fluid in the cylinder 74 is released through a
relief valve (not shown) so that the extensible rod 71 does

19 20 



EP 3 549 703 A1

12

5

10

15

20

25

30

35

40

45

50

55

not extend from that state.
[0056] As shown in Fig. 1, a cylinder drive apparatus
75 is associated with the moving body 67. A support
member 76 is vertically extended on the slide base 6 on
the other end side thereof, and a cylinder 76 of the cyl-
inder drive apparatus 75 is attached to the support mem-
ber 76 such that an extensible rod 78 of the cylinder drive
apparatus 75 faces toward the moving body 67 side. A
leading end portion of the extensible rod 78 of the cylinder
drive apparatus 75 is coupled to the moving body 67, and
the moving body 67 moves closer to and away from the
chuck device main body 9 on the slide base 6 based on
the extension/contraction movement of the extensible
rod 78.
[0057] The deep hole drilling for the short workpiece
WS and the long workpiece WL performed by using the
processing equipment 1 will be described in order.
[0058] Initially, when the deep hole drilling is performed
on the short workpiece WS, as shown in Fig. 7, the press-
ing device 10 is separated from the chuck device main
body 9 based on the cylinder drive apparatus 75, and the
movement of the slide base 6 based on the reciprocating
drive source not shown puts the chuck device main body
9 into a close positional state (position fixed state) for the
deep hole drilling machine 2 (the gun drill 2A) . The short
workpiece WS is transferred (carried in) under this state
from the upper side between the chuck device main body
9 and the pressing device 10 to the chuck device main
body 9 by a transferring apparatus 79. The transferring
apparatus 79 used in this case includes as one unit a
sucking tool 80 sucking the end surface of the head part
W2 of the short workpiece WS and a clamping tool 82
clamping the stem part W1 of the short workpiece WS
by a pair of gripping tools 81, and the transferring appa-
ratus 79 is movable as a whole (with the sucking tool 80
and the clamping tool 82 integrated) and allows the suck-
ing tool 80 to individually reciprocate in lateral directions
in the transferring apparatus 79. When carrying in the
short workpiece WS, the transferring apparatus 79 caus-
es the sucking tool 80 to suck the end surface of the head
part W2 of the short workpiece WS to be carried in and
the pair of the gripping tools 81 of the clamping tool 82
to clamp the stem part W1 of the short workpiece WS,
and the short workpiece WS has the stem part W1 di-
rected toward the chuck device main body 9 while the
stem part W1 is kept horizontal. The transferring appa-
ratus 79 lowers the short workpiece WS while maintain-
ing the postural state of the short workpiece WS, and
when the stem part W1 of the short workpiece WS reach-
es the height position of the center hole 45a of the circular
annular member 45 (the through-hole of the collet 30),
the transferring apparatus 79 moves in the direction to-
ward the chuck device main body 9 to insert the stem
part W1 of the short workpiece WS through the center
hole 45a of the circular annular member 45 into the
through-hole 30a of the collet 30 (see arrows in Fig. 7).
When the stem part W1 of the short workpiece WS is
inserted into the through-hole 30a of the collet 30, the

sucking tool 80 releases the suction relationship to the
head part W2 of the short workpiece WS, while the clamp-
ing tool 82 (the pair of the gripping tools 81) releases the
clamping relationship to the stem part W1 of the short
workpiece WS, and the transferring apparatus 79 is re-
treated as indicated by an arrow of Fig. 7.
[0059] When the transferring apparatus 79 is retreated
to a retreated position, the moving body 67 of the pressing
device 10 starts approaching the chuck device main body
9 based on the drive of the cylinder drive apparatus 75.
At the same time, the extensible rod 71 of the cylinder
drive apparatus 70 extends so that the leading end of the
pusher head 73 is slightly projected from the leading end
of the cylindrical body 69. Since the moving body 67 ap-
proaches the chuck device main body 9 in this state, the
leading end of the pusher head 73 is brought into contact
with the end surface of the head part W2 of the short
workpiece WS as shown in Fig. 8 before the portion 69b
on the other side of the cylindrical body 69 is brought into
contact with the circular annular member 45 of the cylin-
drical member 42, and the short workpiece WS is pushed
into the chuck device main body 9 as the moving body
67 further approaches. Accordingly, the short workpiece
WS moves toward the first annular member 56 while be-
ing guided by the through-hole 30a of the collet 30, and
the end surface of the stem part W1 of the short workpiece
WS is brought into contact with the leading end surface
of the bush 59 as shown in Fig 9. As a result of this con-
tact, the movement of the short workpiece WS is restrict-
ed so that the short workpiece WS is positioned with re-
spect to the collet 30. After the contact between the short
workpiece WS and the bush 59, the pressing force of the
pusher head 73 against the head part W2 of the short
workpiece WS tends to increase as the moving body 67
further approaches; however, since the working fluid (air)
in the cylinder drive apparatus 70 is discharged, the
pressing force is prevented from increasing, so that the
pressing force is subsequently kept constant.
[0060] On the other hand, as the moving body 67 ap-
proaches the chuck device main body 9, the cylindrical
body 69 takes in the head part W2 of the short workpiece
WS into the internal space of the portion 69b on the other
end side, while the annular end surface of the portion
69b on the other end side presses the circular annular
member 45 of the cylindrical member 42, and the circular
annular member 45 relatively moves the collet 30 toward
the one end side of the sleeve 29 with respect to the
sleeve 29. As a result, the inner diameter of the collet 30
is reduced, and the stem part W1 of the positioned short
workpiece WS is chucked by the collet 30 (see Fig. 9).
[0061] When the stem part W1 of the short workpiece
WS is chucked by the collet 30, the rotation of the pulley
51 is started, and the short workpiece WS also starts
rotating via the rotating body 20, the sleeve 29, and the
collet 30. Although this rotation is transmitted to the cy-
lindrical body 69 via the circular annular member 45, the
rotation of the cylindrical body 69 is absorbed by the bear-
ing 65 (the cylindrical body 69 moves relatively to the
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moving body 67), so that the rotation of the short work-
piece WS is not prevented.
[0062] At the same time, while the slide base 6 main-
tains the positional state, the gun drill 2A approaches the
chuck apparatus main body 9, and the gun drill 2A moves
through the through-hole 60 of the first annular member
56 and the through-hole 59a of the bush 59 to the end
surface of the stem part W1 of the rotating short work-
piece WS and performs the deep hole drilling on the stem
part W1 from the end surface of the stem part W1. Al-
though the cutting chips are generated due to this deep
hole drilling, the cutting chips are sequentially and
smoothly discharged to the outside by the recessed inner
surface 61a of the first annular member 56.
[0063] When this deep hole drilling is finished, the ro-
tation of the pulley 51 is stopped, and the gun drill 2A
exits from inside the chuck device main body 9. At the
same time, the extensible rod 78 in the cylinder drive
apparatus 75 is shortened, and the pressing device 10
moves away from the chuck device main body 9 and
returns to the original retreated position.
[0064] When the pressing device 10 returns to the re-
treated position, as shown in Fig. 10, the transferring ap-
paratus 79 descends in front of the head part W2 of the
short workpiece WS, sucks the end surface of the head
part W2 by the sucking tool 80, and then pulls out the
short workpiece WS from the chuck device main body 9.
Additionally, as shown in Fig. 11, the pair of the gripping
tools 81 of the clamping tool 82 clamps the stem part W1
of the short workpiece WS, and the transferring appara-
tus 79 transfers the short workpiece WS to the next proc-
ess while maintaining this state.
[0065] When the deep hole drilling is performed on the
long workpiece WL, the first annular member 56 is re-
placed with the second annular member 57, and the collet
30 is replaced with the long collet 30A. For the replace-
ment with the second annular member 57, first, the fas-
tener (not shown) attaching the first annular member 56
to the sleeve 29 is removed, and the first annular member
56 is then pulled out from the sleeve 29. Subsequently,
the tubular portion 62 of the second annular member 57
is fitted to the opening on the one end side of the sleeve
29, and the second annular member 57 is attached in
this state to the flange 31 of the sleeve 29 by the fastener
(not shown) (the state shown in Figs. 6 and 12).
[0066] For the replacement with the long collet 30A,
the circular annular member 45 is separated from the
cylindrical main body 43 after detaching the fasteners
46. As the circular annular member 45 is separated from
the cylindrical main body 43, the collet 30 is pulled out
from the sleeve 29 based on a locking relationship be-
tween the restricting hook portion 48 of the circular an-
nular member 45 and the hook portions 39 of the locking
members 37. By reducing the diameter of the pulled-out
collet 30 to release the locking relationship between the
restricting hook portion 48 of the circular annular member
45 and the hook portions 39 of the locking members 37,
the collet 30 is removed from the circular annular member

45. Subsequently, the plurality of the locking members
37 of the long collet 30A to be newly attached are pushed
into the center hole 45a of the circular annular member
45 to lock the hook portions 39 of the locking members
37 to the restricting hook portion 48 of the circular annular
member 45, and the one end side of the long collet 30A
is inserted in this state into the sleeve 29. By subsequent-
ly attaching the circular annular member 45 to the cylin-
drical main body 43 by using the fasteners 46, the long
collet 30A is set in the sleeve 29 (the state shown in Figs.
6 and 12) .
[0067] In the embodiment, the collet 30 (30A) is pulled
out from the sleeve 29 by removing only the circular an-
nular member 45 based on the configuration in which the
inner circumferential edge portion of the center hole of
the pulley 51 faces the stepped portion 43a of the cylin-
drical main body 43; however, in a modification example,
the stepped portion 43a may not be formed on the cylin-
drical main body 43, and the collet 30 (30A) may be pulled
out from the sleeve 29 by pulling out the cylindrical mem-
ber (the cylindrical member (the circular annular member
45 and the cylindrical main body 43)) 42 itself without
unfastening the fasteners 46. Alternatively, the collet 30
(30A) may be pulled out from the sleeve 29 by removing
the circular annular member 45 from the cylindrical main
body 43 under the state in which the stepped portion 43a
is not formed on the cylindrical main body 43.
[0068] When the deep hole drilling is performed on this
long workpiece, a drill bush 5 is attached to the deep hole
drilling machine 2 (the apparatus main body), and the
pressing bar 72 is attached to the extensible rod 71 in-
stead of the pusher head 73 in the pressing device 10
(see Fig. 12).
[0069] Initially, when the deep hole drilling is performed
on the long workpiece WL after the replacement with the
second annular member 57 and the long collet 30A, as
shown in Fig. 12, the chuck device main body 9 is in a
separated state with respect to the deep hole drilling ma-
chine 2, and the long workpiece WL is transferred under
this state from the upper side between the deep hole
drilling machine 2 and the chuck device main body 9 to
the chuck device main body 9 by a transferring apparatus
84. The transferring apparatus 84 used in this case in-
cludes a clamping tool 86 clamping the stem part W1 of
the long workpiece WL with a pair of gripping tools 85,
and the transferring apparatus 84 can move in up-down
directions and lateral directions. On this basis, when
transferring the long workpiece WL, the transferring ap-
paratus 84 causes the clamping tool 82 to clamp the stem
part W1 of the long workpiece WL such that the head
part W2 is directed toward the drill bush 5 while the stem
part W1 of the long workpiece WL is kept horizontal, and
the long workpiece WL is lowered in this state. When the
head part W2 of the long workpiece WL reaches the
height position of the drill bush 5, the transferring appa-
ratus 84 moves in the direction toward the drill bush 5 to
press the end surface of the head part W2 of the long
workpiece WL against the drill bush 5 (see arrows in Figs.
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12 and 13) .
[0070] When the end surface of the head part W2 of
the long workpiece WL is pressed against the drill bush
5, the slide base 6 is driven, and on this basis, as indicated
by the arrow of Fig. 13, the stem part W1 of the long
workpiece WL starts being inserted relatively into the
through-hole 64 of the second annular member 57 in the
chuck device main body 9.
[0071] As the stem part W1 of the long workpiece WL
further relatively advances into the chuck device main
body 9 due to the drive of the slide base 6, the back
surface of the head part W2 of the long workpiece WL
supported by the drill bush 5 comes into contact with the
recessed inner surface 63a of the second annular mem-
ber 57, the movement of the slide base 6 (the chuck de-
vice main body 9) is restricted. As a result, the long work-
piece WL is positioned with respect to the long collet 30A.
In this case, the axial length of the stem part W1 of the
long workpiece WL is longer than the length of the chuck
device main body 9 in the axial direction of the long collet
30A; however, the chuck device main body 9 has a struc-
ture through which the stem part W1 of the long work-
piece WL may penetrate when the stem part W1 of the
long workpiece WL is inserted into the long collet 30A,
the long workpiece WL can properly be held by the long
collet 30A.
[0072] When the long workpiece WL is positioned with
respect to the long collet 30A, the pressing device 10
(the moving body 67) is moved by the cylinder drive ap-
paratus 75 toward the chuck device main body 9 on the
slide base 6, and the annular end surface of the cylindrical
body 69 (the portion 69b on the other side) of the pressing
device 10 presses the circular annular member 45 as
shown in Fig. 14. As a result, the long collet 30A relatively
moves toward the one end side of the sleeve 29, so that
the inner diameter of the long collet 30A is reduced, and
the stem part W1 of the long workpiece WL is clamped
by the long collet 30A. In this state, the pressing bar 72
is retracted inside the cylindrical body 69, so that the end
surface of the stem part W1 of the long workpiece WL is
not pressed by the pressing bar 72 (see Fig. 14).
[0073] When the stem part W1 of the long workpiece
WL is clamped by the long collet 30A, the gun drill 2A
moves through the inside of the drill bush 5 to the end
surface of the head part W2 of the long workpiece WL,
and the deep hole drilling is performed on the long work-
piece WL from the end surface of the head part W2 (see
Fig. 14). In this state, since the stem part W1 of the long
workpiece WL is clamped by the long collet 30A, the run-
out of the stem part W1 can be suppressed as compared
to the case of using the collet 30 described above, so
that the deep hole drilling can more accurately be per-
formed on the long workpiece WL.
[0074] When the deep hole drilling on the long work-
piece WL is finished, as shown in Fig. 15, the gun drill
2A exits from the inside of the chuck device main body
9 and, based on the shortening of the extensible rod 78
in the cylinder drive apparatus 75, the pressing device

10 is slightly separated from the chuck device main body
9, so that the application of the pressing force of the cy-
lindrical body 69 to the circular annular member 45 is
canceled. As a result, the long collet 30A releases the
chucking of the stem part W1 of the long workpiece WL.
[0075] When the long collet 30A releases the chucking
of the stem part W1 of the long workpiece WL, as shown
in Fig. 16, the chuck device main body 9 moves away
from the drill bush 5 (the deep hole drilling machine 2)
based on the movement of the slide base 6, and the
pressing bar 72 presses the end surface of the stem part
W1 of the long workpiece WL based on the extension of
the extensible rod 71 in the cylinder drive apparatus 70
so that the head part W2 side of the long workpiece WL
is pushed outside the through-hole 64 of the second an-
nular member 57.
[0076] When the head part W2 side of the long work-
piece WL is pushed outside the through-hole 64 of the
second annular member 57, as shown in Fig. 17, the
transferring apparatus 84 descends outside the one end
side in the width direction of the housing 12, and the pair
of the gripping tools 85 of the clamping tool 86 grips the
stem part W1 of the long workpiece WL projected outside
the through-hole 64 of the second annular member 57.
When the stem part W1 of the long workpiece WL is
gripped by the clamping tool 86, the stem part W1 of the
long workpiece WL is completely pulled out from the
chuck device main body 9 based on the movement of
the slide base 6 (see a leftward arrow in Fig. 17), and
when the stem part W1 of the long workpiece WL is pulled
out, the transferring apparatus 84 moves to transfer the
long workpiece WL to the next process (see an upward
arrow in Fig. 17) .
[0077] Therefore, in the processing equipment 1, re-
garding the long workpiece WL, when the long stem part
W1 of the workpiece WL is inserted into the collet 30 from
the opening on the one end side of the sleeve 29 close
to the deep hole drilling machine 2 (the gun drill 2A), since
both ends of the collet 30 and the sleeve 29 are opened
to the outside of the chuck device main body 9, the stem
part W1 can be inserted in a penetrating state with re-
spect to the chuck apparatus main body 9 even though
the stem part W1 of the long workpiece WL is long, and
the long stem part W1 can be chucked to the collet 30
through relative movement between the collet 30 and the
sleeve 29 even though the collet 30 is separated from
the deep hole drilling machine 2. In this regard, since the
end surface of the head part W2 of the long workpiece
WL faces the deep hole drilling machine 2 (the gun drill
2A), the deep hole drilling can be performed from the end
surface of the head part W2.
[0078] In this case, since the long collet 30A is used
as the collet 30, the stem part W1 of the long workpiece
WL can be clamped over a long range, and the run-out
of the stem part W1 at the time of deep hole drilling can
more reliably be suppressed.
[0079] On the other hand, regarding the short work-
piece WS, when the short stem part W1 is inserted into
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the collet 30 from the opening on the other end side of
the sleeve 29 far from the deep hole drilling machine 2
(the gun drill 2A), the short stem part W1 of the short
workpiece WS can be chucked to the collet 30 through
relative movement between the collet 30 and the sleeve
29 by utilizing the arrangement position of the collet 30
in the sleeve 29 (the position close to the opening on the
other end side of the sleeve 29) even though the stem
part W1 of the short workpiece WS is short. In this regard,
since the gun drill 2A can be moved into the sleeve 29
from the opening on the one end side thereof by utilizing
the fact that the openings at both ends of the collet 30
and the sleeve 29 are opened to the outside of the chuck
device main body 9, the deep hole drilling can be per-
formed on the end surface of the stem part W1 of the
short workpiece WS without inverting the orientation of
the chuck device main body 9 (the collet 30 and the sleeve
29).
[0080] Particularly, in this embodiment, since the other
end portion of the sleeve 29 is slightly projected outward
from the other end surface in the width direction of the
housing 12 in the chuck device main body 9, even if the
stem part W1 of the short workpiece WS is considerably
short, the short stem part W1 can be inserted from the
opening on the other end side of the sleeve 29 and can
properly be chucked to the collet 30, and the deep hole
drilling can also be performed for the stem part W1 of the
short workpiece WS as described above.
[0081] This enables the processing equipment 1 to per-
form the deep hole drilling for many types of workpieces
(valves) from the long workpiece WL to the considerably
short workpiece WS and therefore can accommodate the
deep hole drilling of many types of valves used in various
engines (accommodate engine variations).
[0082] Moreover, since either the first annular member
56 or the second annular member 57 can selectively de-
tachably be attached to the one end surface of the sleeve
29, the short workpiece WS can be positioned with re-
spect to the collet 30 by using the first annular member
56 for the short workpiece WS, and the short workpiece
WS can be clamped to the collet 30 under this positional
state to properly perform the deep hole drilling for the
short workpiece WS. The long workpiece WL can be po-
sitioned with respect to the collet 30 (the long collet 30A)
by using the second annular member 57 for the long
workpiece WL, and the long workpiece WL can be
clamped to the collet 30 under this positional state to
properly perform the deep hole drilling for the long work-
piece WS.
[0083] Since the chuck device 3 includes the chuck
device main body 9 and the pressing device 10 such that
the pressing device 10 is set to be able to move closer
to and away from the collet 30 outside the other end side
of the collet 30 in the chuck device main body 9 and,
when the diameter of the collet 30 is reduced, the press-
ing device 10 presses the collet 30 to relatively move the
collet 30 and the sleeve 29, it is no longer necessary to
dispose a complicated and precise hydraulic circuit etc.

inside the chuck device 3 as a drive means relatively
moving the collet 30 and the sleeve 29, and the config-
uration of the entire chuck device 3 (the chuck device
main body and the pressing device 10) can be simplified.
[0084] Furthermore, since the drive means relatively
moving the collet 30 and the sleeve 29 is not disposed
inside the chuck device main body 9 and the drive means
is disposed outside the chuck device main body 9 as the
pressing device 10 as described above, the length of the
chuck device main body 9 can be made shorter in the
axial direction of the collet 30 as compared to when the
drive means is disposed inside the chuck device main
body 9 (e.g., the apparatus described in Patent Docu-
ment 1), and the amount of entry of the gun drill 2A into
the chuck device main body 9 (inside the sleeve 29) can
be reduced when the deep hole drilling is performed from
the end surface of the stem part W1 of the short workpiece
WS. Therefore, the gun drill 2A with a considerably short-
ened shank (portion from a cutting edge of the gun drill
to a fixed part) is usable, so that the deflection of the gun
drill 2A can be suppressed extremely small during the
deep hole drilling. Consequently, when the deep hole
drilling is performed in the workpieces WS, WL, a ma-
chined hole can be restrained from being formed in a run-
out state, and a highly accurate hole can be formed as
the machined hole.
[0085] Moreover, during the deep hole drilling, as is
known, coolant (liquid) passing through an internal pas-
sage of the gun drill 2A (shank) is ejected from the leading
end thereof, and as the length of the gun drill 2A (shank)
becomes shorter, a pressure loss of the coolant in the
internal passage can be reduced. Therefore, the flow rate
of the coolant can be increased under a specified coolant
pressure and the discharging performance of the cutting
chips can be enhanced, so that the breakage of the gun
drill 2A can be reduced based on the enhancement in
the discharging performance of the cutting chips.
[0086] Additionally, as described above, the length of
the chuck device main body 9 can be made shorter in
the axial direction of the collet 30 as compared to when
the drive means is disposed inside the chuck device main
body 9 (e.g., the device described in Patent Document
1), and therefore, as described above, not only the axial
length of the gun drill 2A can be shortened, but also the
sleeve 29 and the collet 30 (the collet chuck 28) can be
made compact in the same direction as the chuck device
main body 9. Thus, the costs required for the gun drill 2A
and the collet chuck 28 (the sleeve 29 and the collet 30)
can be reduced.
[0087] Moreover, in this case, the workpiece WS (WL)
is rotated at the time of the deep hole drilling and the
rotation is transmitted to the cylindrical body 69 of the
pressing device 10; however, the rotation of the cylindri-
cal body 69 is absorbed as the relative rotation of the
cylindrical body 69 with respect to the moving body 67
by utilizing the bearing 65, so that the pressing device
10 does not interfere with the rotation of the workpiece
WS (WL) during the deep hole drilling.
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EXPLANATIONS OF LETTERS OR NUMERALS

[0088]

1 processing equipment
2 deep hole drilling machine (drilling machine)
2A gun drill
3 chuck device
9 chuck device main body
10 pressing device
12 housing
20 rotating body (tubular main body)
22 through-hole of rotating body (opening of facing
end surface)
28 collet chuck
29 sleeve
29a through-hole of sleeve
30 collet
30a through-hole of collet
37 locking member
42 cylindrical member (cylindrical member, cylinder)
43 cylindrical main body (cylindrical main body)
45 circular annular member (diameter-reduced por-
tion, annular lid)
45a center hole of circular annular member
45b center-hole circumferential edge portion of cir-
cular annular member (contacting surface)
48 restricting hook portion
49 coil spring (urging means)
51 pulley (stopper)
55 annular member
56 first annular member (annular member)
57 second annular member (annular member)
59 tubular portion (positioning tubular portion)
61a recessed inner surface
63a recessed inner surface (receiving surface)
67 moving body
69 cylindrical body (pressing member)
WL long workpiece (workpiece)
WS short workpiece (workpiece)
W1 stem part
W2 head part (diameter-expanded part)

Claims

1. Processing equipment comprising: a drilling ma-
chine; and a chuck device disposed to face the drill-
ing machine and chucking a workpiece to be drilled
by the drilling machine, the chuck device including
as a collet chuck a tubular sleeve inside and a collet
fitted into the sleeve, and reduced in diameter by
movement relative to the sleeve, the collet and the
sleeve each having both end openings opened to-
ward the outside of the chuck device, wherein
the opening on one end side of each of the sleeve
and the collet is directed to the drilling machine, and
wherein

the collet is disposed on the other end side of the
sleeve.

2. The processing equipment according to claim 1,
wherein
the other end of the sleeve is made closer to a portion
of an outer surface of the chuck device located on
the farther side as compared to a portion located on
the side closer to the drilling machine in an axial di-
rection of the sleeve.

3. The processing equipment according to claim 2,
wherein
the chuck device includes a chuck device main body
incorporating the collet chuck and a pressing device
disposed for the collet in the chuck device main body
on the outside of the other end side of the chuck
device, and wherein
the pressing device is set to be able to move closer
to and away from the collet and is set to relatively
move the collet and the sleeve by moving closer to
the collet to press the collet or the sleeve when the
collet is reduced in diameter.

4. The processing equipment according to claim 3,
wherein
the chuck device main body includes a tubular main
body such that the axial direction of the tubular main
body faces in the axial direction of the collet, wherein
the sleeve is attached in the tubular main body such
that the other end side of the tubular main body faces
the pressing device, wherein
the collet is fitted in the other end side of the sleeve
such that the other end side of the collet faces the
pressing device, wherein
an inner circumferential surface of the sleeve is ex-
panded in diameter from the one end side toward
the other end side of the sleeve, wherein
an outer circumferential surface of the collet is ex-
panded in diameter from the one end side toward
the other end side of the collet, and wherein
the pressing device is set to press the collet to rela-
tively move the collet and the sleeve when the collet
is reduced in diameter.

5. The processing equipment according to claim 4,
wherein
a locking member is disposed on a circumferential
edge portion of the opening on the other end side of
the collet, wherein
one end side of a cylindrical member is slidably in-
terposed between the outer circumferential surface
on the other end side of the sleeve and the inner
circumferential surface of the tubular main body such
that the other end side of the cylindrical member is
projected outside the other end side of the sleeve,
wherein
on an inner circumferential surface on the other end
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side of the cylindrical member, a diameter-reduced
portion is formed such that the inner diameter on the
other end side of the cylindrical member is reduced
as compared to the inner diameter on the one end
side of the cylindrical member, wherein
the diameter-reduced portion is provided with a con-
tacting surface brought into contact with an outer cir-
cumferential edge portion of the other end surface
of the collet, and a restricting hook portion engaged
with the locking member under a state in which the
contacting surface is in contact with the outer cir-
cumferential edge portion of the other end surface
of the collet to prevent relative displacement be-
tween the collet and the cylindrical member in the
axial direction of the collet, and wherein
an urging means urging the diameter-reduced por-
tion of the cylindrical member in a direction away
from the other end surface of the sleeve is interposed
between one end surface of the cylindrical member
and the tubular main body.

6. The processing equipment according to claim 1,
wherein
to one end surface of the sleeve, either a first annular
member having a through-hole reduced in diameter
as compared to a diameter of a shaft-shaped work-
piece and a second annular member having a
through-hole enlarged as compared to a diameter of
a shaft-shaped workpiece is selectively detachably
attached, wherein
a member used as the first annular member allows
the through-hole of the first annular member to face
the opening on the one end side of the collet and
has a positioning tubular portion disposed in a pro-
jecting manner in a circumferential edge portion of
the through-hole of the first annular member to allow
the positioning tubular portion to enter the inside of
the sleeve from the one end side of the sleeve, and
wherein
a member used as the second annular member al-
lows the through-hole of the second annular member
to face the opening on the one end side of the collet
and has a recess formed on the outer surface side
of the second annular member and spreading
around the through-hole of the annular member with
an inner surface of the recess inclined such that a
diameter is expanded toward the outside in the axial
direction of the through-hole.

7. The processing equipment according to claim 6,
wherein
a recess spreading around the through-hole of the
first annular member is formed on the outer surface
side of the first annular member, and wherein
the recess has an inner surface inclined such that a
diameter is expanded from the positioning tubular
portion toward the outer surface side of the annular
member in the axial direction of the through-hole.

8. The processing equipment according to claim 6,
wherein
when the second annular member is attached to the
one end surface of the sleeve, a long collet having
the axial length of the collet made longer than a
standard length is incorporated in the sleeve as the
collet, and wherein
one end surface of the long collet is located on the
inner surface side of the second annular member
beyond a center portion in the axial direction of the
sleeve.

9. The processing equipment according to claim 4,
wherein
the tubular main body is set to be rotationally driven
around the axis of the tubular main body, and where-
in
the pressing device includes a moving body capable
of moving closer to and away from the collet, and a
pressing part supported by the moving body rotata-
bly in an area facing the collet.

10. The processing equipment according to claim 5,
wherein
the cylindrical member is made up of a cylinder main
body having one end side slidably inserted between
the outer circumferential surface on the other end
side of the sleeve and the inner circumferential sur-
face of the tubular main body and the other end side
projected outside from the other end surface of the
sleeve, and an annular lid detachably attached to
the other end surface of the cylinder main body,
wherein
a stopper is attached to the tubular main body so
that when the other end side of the cylinder main
body exceeds a predetermined projection amount
with respect to the other end surface of the sleeve,
the stopper engages with the tubular main body to
restrict movement of the tubular main body, and
wherein
the annular lid serves as the diameter-reduced por-
tion to constitute the contacting surface and the re-
stricting hook portion.

11. A method of using processing equipment, wherein
under processing equipment including a drilling ma-
chine and a chuck device disposed to face the drilling
machine and chucking a workpiece to be drilled by
the drilling machine with the chuck device including
therein as a collet chuck a tubular sleeve and a collet
fitted into the sleeve and reduced in diameter by
movement relative to the sleeve and with the collet
and the sleeve each having both end openings
opened toward the outside of the chuck device such
that the opening on one end side of each of the collet
and the sleeve is directed to the drilling machine and
that the collet is disposed on the other end side of
the sleeve,
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a workpiece including a stem part and a diameter-
expanded part integrally disposed at one end portion
of the stem part and expanded in diameter as com-
pared to the stem part is prepared as the workpiece,
wherein
when the stem part of the workpiece is shorter than
the axial length of the sleeve and drilling is performed
from the other end surface of the stem part of the
workpiece, the stem part of the workpiece is inserted
into the collet from the opening on the other end side
of the collet so that the stem part of the workpiece
is held with the collet through relative movement be-
tween the collet and the sleeve, and wherein
when the stem part of the workpiece is longer than
the axial length of the sleeve and drilling is performed
from an end surface of the diameter-expanded part
of the workpiece, the stem part of the workpiece is
inserted into the collet from the opening on the one
end side of the collet so that the stem part of the
workpiece is held with the collet through relative
movement between the collet and the sleeve.

12. The method of using processing equipment accord-
ing to claim 11, wherein
when the stem part of the workpiece is shorter than
the axial length of the sleeve and drilling is performed
from the other end surface of the stem part of the
workpiece, an annular member having a positioning
tubular portion projected from a circumferential edge
portion of a through-hole of the annular member is
prepared as a means of positioning the workpiece
with respect to the collet, and wherein
after the annular member is attached to one end sur-
face of the sleeve and the positioning tubular portion
of the annular member is moved into the sleeve,
the stem part of the workpiece is inserted from the
opening on the other end side of the collet to bring
the other end surface of the stem part of the work-
piece into contact with the end surface of the tubular
portion.

13. The method of using processing equipment accord-
ing to claim 11, wherein
when the stem part of the workpiece is longer than
the axial length of the sleeve and drilling is performed
from the end surface of the diameter-expanded part
of the workpiece, an annular member having a cir-
cumferential edge portion of a through-hole of the
annular member constituting a receiving surface re-
ceiving the diameter-expanded part of the workpiece
is prepared as a means of positioning the workpiece
with respect to the collet, wherein
the annular member is attached to one end surface
of the sleeve such that the receiving surface of the
annular member faces outward, and wherein
the stem part of the workpiece is then inserted into
the collet through the through-hole of the annular
member and the opening on the one end side of the

sleeve to bring the diameter-expanded part of the
workpiece into contact with the receiving surface of
the annular member.

14. The method of using processing eqipment according
to claim 13, wherein
a long collet having an axial length longer than a
standard length is prepared as the collet, and where-
in
the long collet is incorporated in the sleeve such that
one end surface of the long collet is made closer to
an inner surface of the annular member beyond a
center portion in the axial direction of the sleeve.

15. A chuck device comprising: a tubular main body hav-
ing one axial end surface defined as a facing end
surface facing a drilling machine; a sleeve disposed
in the tubular main body with an axial direction
aligned with the axial direction of the tubular main
body; and a collet fitted in the sleeve with an axial
direction aligned with the axial direction of the sleeve,
the collet and the sleeve having both end openings
opened toward the outside of both axial ends of the
tubular main body, wherein
the opening on one end side of each of the sleeve
and the collet is directed to an opening of the facing
end surface, and wherein
the collet is disposed on the other end side of the
sleeve.

16. The chuck device according to claim 15, wherein
the other end of the sleeve is made closer to the
other axial end surface of the tubular main body than
the one axial end surface of the main body in the
axial direction of the sleeve.

17. The chuck device according to claim 16, comprising
a chuck apparatus main body incorporating the tu-
bular main body, the collet, and the sleeve, and a
pressing apparatus disposed for the collet in the
chuck device main body on the outside of the other
end side of the collet, wherein
the pressing device is set to be able to move closer
to and away from the collet and is set to relatively
move the collet and the sleeve by moving closer to
the collet to press the collet or the sleeve when the
collet is reduced in diameter.

18. The chuck device according to claim 17, wherein
the tubular main body is set to be rotationally driven
around the axis of the tubular main body, and where-
in
the pressing apparatus includes a moving body ca-
pable of moving closer to and away from the collet,
and a pressing part supported by the moving body
rotatably in an area facing the collet.
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